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ABSTRACT: The Gilbert’s potoroo (Potorous
gilbertii) is one of Australia’s most critically
endangered mammals with a current esti-
mated population of 70 individuals. Both the
wild and captive populations have a long his-
tory of balanoposthitis with associated crusting,
ulceration, and preputial discharge. We sought
to identify the microbial species found in the
discharge, determine their significance in caus-
ing balanoposthitis, and correlate these findings
with reproductive success and survivorship.
Bacteriologic examination revealed the dis-
charge to be a polymicrobial infection involving
Treponema spp., Actinobacillus spp., and Pas-
teurella spp. Preputial histopathology reported
a moderate, chronic, erosive inflammatory
response with diffuse, moderate to marked
secondary epithelial hyperplasia in conjunc-
tion with moderate numbers of spirochetes,
suggesting a causative relationship. Clinical
examination, preputial biopsies, and serologic
screening found no evidence of associated
systemic disease. The clinical investigation of
Treponema is significant with respect to the
overall recovery of Gilbert’s potoroo, given
the clinical and histopathologic similarities
to Treponema paraluis-cuniculi found in rab-
bits, causing dyspareunia, and the severity of
the associated balanoposthitis.
Key words: Balanoposthitis, conservation
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A small colony of the presumed-extinct
Gilbert’s potoroo (Potorous gilbertii) was
discovered in 1994 at Two Peoples Bay
Nature Reserve in the southwest of West-
ern Australia (34u53.99S, 118u13.39E). A
recovery plan was immediately prepared
to establish a captive breeding program for
the animals in order to establish new
populations (Courtenay and Friend,
2004). The Gilbert’s potoroo is classified
as Critically Endangered (IUCN, 2011). A
genetic bottleneck, consistent with demo-
graphic decline, highlights the concern
for the long-term survival of this species
(Sinclair and Westermann, 1997).
A collaborative health and disease
study was undertaken from March 2005
to March 2008 to determine the preva-
lence of specific diseases in both the wild
and captive populations and to correlate
the effects of identified diseases on
population dynamics. Results indicated
the disease of greatest significance was
balanoposthitis, associated with a crusty
green tenacious preputial discharge. We
sought to identify the microbial species
found in the discharge, determine their
significance in causing balanoposthitis,
and correlate these findings with repro-
ductive success and survivorship. In 2001,
a Treponema-like organism associated
with a mixed bacterial infection was
identified in a captive Gilbert’s potoroo
with balanoposthitis (A.-M. Horwitz and
D. Forshaw, pers. com.). A clinical
correlation with venereal spirochetosis
caused by Treponema paraluis-cuniculi
in rabbits was later noted. In rabbits,
venereal spirochetosis presents with pre-
putial lesions, beginning as areas of
hyperemia and edema, with the develop-
ment of papules and vesicles followed by
ulceration, crustiness, and hyperkeratosis
(Cunliffe-Beamer and Fox, 1981a). The
lesions are thought to be painful and to
impede breeding activity through dyspa-
reunia, (Cunliffe-Beamer and Fox,
1981a). Colony outbreaks have resulted
in decreased rates of conception and
increased rates of metritis, placenta re-
tention, infertility, and neonatal deaths
(Saito et al., 2003). Defining the relation-
ship between Treponema and balanopos-
thitis in the Gilbert’s potoroo, if any, may
1019be important for the health management
of this critically endangered species.
Wild and captive potoroos were rou-
tinely trapped three times per year over
the study period (Vaughan et al., 2009). A
complete health assessment was carried
out under isoflurane gaseous anesthesia.
When a male potoroo was anaesthetized,
the penis was exteriorized from its prepu-
tial sheath and observed for exudates,
swelling, and erythema. The level and
nature of discharge was assigned a grade
(0 [no discharge] to 3+ [severe discharge];
Fig. 1A, B, C).
In females, it was difficult to qualify the
nature of discharge due to their urogeni-
tal anatomy, so females were assigned as
having no discharge or discharge, the
nature of which was described. A dry
swab was taken from the prepuce of males
and from the urogenital sinus of females
for Treponema DNA amplification via
PCR. An Amie’s transport medium swab
(TranswabH, Medical Wire and Equip-
ment, Wiltshire, England) was taken for
microbiologic examination. A wet prepa-
ration was made from this second swab for
examination for spirochetes by dark field
microscopy. Both swabs were forwarded
on ice (approximately 4 C) to the Depart-
ment of Agriculture and Food Western
Australia, South Perth, Australia for mi-
crobiologic analysis and PCR. Samples were
analyzed within 24 hr of collection. A
Treponema sp. was detected under dark
field microscopy. Morphologically, they
were differentiated from Brachyspira by
their eight tight spirals. Blood was collected
for hematology, biochemistry, and blood
smear examination as described by Vaughan
et al. (2009).
In the final trapping session in March
2008, four preputial biopsies and Trepo-
nema serology from 15 individuals were
undertaken (Vaughan, 2008). We tested
serum from known Treponema-infected
potoroos and known Treponema-negative
potoroos. Infection status was based on
PCR results and was undertaken to add
further validity to the tests if similar
FIGURE 1. Grading scheme for balanoposthitis in
Gilbert’s potoroos (Potorous gilbertii) from Western
Australia. (A) Mildly inflamed cloaca, mildly in-
flamed prepuce, and minor nonodorous discharge
with an adherent crust were observed with 1+
balanoposthitis. (B) moderately inflamed cloaca,
moderately inflamed prepuce, with moderate associ-
ated odor and moderate discharge, with a dense
consistency and adherent crust was observed with 2+
balanoposthitis. (C) Severely inflamed cloaca, se-
verely inflamed prepuce, with moderate associated
odor, and profuse fluorescent green or creamy
discharge with an adherent crust, was observed with
3+ balanoposthitis.
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cross-referenced with evidence of spir-
ochetes detected on dark field microscopy.
Preputial biopsies and histopathology
were conducted under general anesthesia
on four captive potoroos, two with pre-
putial discharge and two without. A small
punch biopsy, 0.3 3 0.3 cm, of mucosal
tissue was obtained at a tissue depth of
0 . 2c m .T h ee d g e so ft h eb i o p s ys i t ew e r e
apposed with an absorbable suture. The
tissue biopsy was placed in formalin and
sent to Murdoch University for histolo-
gic examination and silver staining for
spirochetes.
Prior sequencing attempts of a clinical
case in a Gilbert’s potoroo in 2002 had
revealed similarities to Treponema medi-
um subsp. bovis, Treponema medium
genomic RNA for 16S ribosomal RNA,
and Treponema sp. oral clone JUO31
using GenBank. Therefore, we chose
primers following a review of papers
identifying spirochetes associated with
bovine digital dermatitis (Rijpkema et al.,
1997; Table 1). Five primer combinations
were trialed (Table 2). Significant product
was only found using SPF5 and SPR4.
When the resulting 190-base pair ampli-
fied product sequence was subjected to a
nucleotide-nucleotide gene search with
the basic local alignment search tool, the
closest similarity to any bacterium was a
92% match with an uncultured Trepone-
ma clone. The lack of high sequence
similarity would suggest the identification
of a new Treponema species from the
Gilbert’s potoroo. This primer pair was
used for all subsequent screening for
Treponema infection in Gilbert’s potoroos.
In total, 44 potoroos (24 males, 20
females) were sampled from 2005–2008.
This included recruitment and those lost to
the population through death or dispersal.
We collected 100 urogenital swabs for
culture and PCR analysis, including sam-
ples from three captive potoroos that were
swabbed six times each. The period prev-
alence of Treponema infection was calcu-
lated by adding new infected cases to
existing cases. However, because two
initially infected females cleared infection
(demonstrated through PCR), these indi-
viduals were no longer classed as infected
and the true period prevalence was cor-
rected to 30/44 (68%). No males cleared
infection over the study period.
In males, typical lesions included severe
preputial and cloacal inflammation with
ulceration and associated tenacious green
discharge (Fig. 1B, C). In many cases, the
severity of the cloacal inflammation made
extrusion of the penis physically difficult.
Preputial histopathology revealed a mod-
erate chronic erosive inflammatory re-
sponse with diffuse, moderate to marked
secondary epithelial hyperplasia in con-
junction with moderate numbers of spir-
ochetes, suggesting a causative relation-
ship. The silver-stained spirochetes, 2–
4 mm long, were diffusely scattered over
the mucosal surface and extended into the
lamina propria in association with a
moderate accumulation of inflammatory
cells, predominantly macrophages, with
lesser lymphocytes and plasma cells
(Fig. 2). Culture yielded a heavy, mixed
growth of the Actinobacillus-Pasteurella
group and Escherichia coli. A second
biopsy showed similar results in conjunc-
tion with a low to moderate number of
neutrophils forming small micro-abscesses
within the epithelium. No evidence of
spirochetes or histopathologic lesions
was found in the two potoroos without
discharge.
The presence of discharge was associ-
ated with Treponema infection. Gilbert’s
potoroos with Treponema infection were
26.9 times more likely to have discharge
than those not infected with Treponema
(x
2587.98, df51, P50.00, odds ratio
(OR)526.9, 95% CI58.6–83.5; Table 3).
ActinobacillusandPasteurellawerecultured
from all preputial biopsies and ORs from
urogenital swab cultures confirmed that the
Treponema-infected population was more
likely to have an associated Actinobacillus
(5.8 times) and Pasteurella spp. infection
(3.3 times) than the noninfected Treponema
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onema was most positively associated with
discharge. However, those without Trepo-
nema infection with Actinobacillus infection
(OR525.7, 95% CI57.3–90.1) and Pasteu-
rella infection (OR519.7, 95% CI56.2–
63.1) still presented with discharge. When
we cross-referenced these PCR results with
dark field microscopy results, spirochetes
were found, indicating these five individuals
likely had false-negative PCR results. The
courier service for these five samples was
delayed, and this may have resulted in
thawing and loss of genetic material.
A generalized trend of higher percentag-
es of moderate (2+) and severe (3+) clinical
signs and levels of discharge was observed
in males with Treponema infection. In
females, no cloacal inflammation was evi-
dent and Treponema-infected females ei-
ther showed no discharge or had discharge.
Correspondingly, a significant relationship
between the level of discharge and gender
was found (x
2562.53, df53, P50.00).
Males with Treponema infection were 26.9
times (95% CI59.2–78.3) more likely to
have discharge than did females with
Treponema infection.
We were unable to culture the trepo-
neme identified in the Gilbert’s potoroo,
despite using selective enrichment media,
and no antibody response was detected in
any of the 15 samples submitted for the
rapid plasmid reagin total plasmid particle
agglutination and the Treponema pallidum
total antibody test (Saito et al., 2003), even
though eight of these samples were PCR-
positive for Treponema infection. When
comparing the results of the hematology
and biochemistry of the Treponema-infect-
ed to the non–Treponema-infected popu-
lation, differences were minimal and were
not thought to be clinically significant
(Vaughan et al., 2009). Clinically, there
were no statistically significant changes in
TABLE 1. Primers used in polymerase chain reaction for detection of a spirochetal 16S rRNA gene in
Gilbert’s potoroos (Potorous gilbertii) sampled in Western Australia, 2005–2008.
Primer name Location Specificity Sequence
EUBB 7–26 Bacteria 59-AGAGTTGATCMTGGCTCAG
SPF1 49–68 Spirochetes 59-TAAGCATGCAAGTCGAGCGGGC
SPF3 336–356 Spirochetes 59-TCCTACGGGAGGCAGCAGCT
SPF4 833–854 Spirochetes 59-AGTGTACCGCCTGGGGACTATGC
SPF5 168–183 Treponema 59-AATACCGAATACACTCAGTGCTT
SPR1 859–835 Spirochetes 59-GCGGGCATACTCCCCAGGCGGYACA
SPR2 1202–1180 Spirochetes 59-TTGTAGCACGTGTGTAGCCCTGGA
SPR4 375–355 Treponema 59-CCATTGCGGAATATTCTTAG
SPR5 987–965 Treponema 59-GTACGCTGCCATATCTCTAAGTC
TABLE 2. Primer combinations trialed for detection
of a spirochetal 16S rRNA gene in Gilbert’s potoroos
(Potorous gilbertii) sampled in Western Australia,
2005–2008.
Forward primer name Reverse primer name
EUBB SPR4
EUBB SPR2
SPF1 SPR4
SPF1 SPR2
SPF5 SPR2
FIGURE 2. Numerous, silver-stained spirochetes
penetrating the penile epithelium of Gilbert’s
potoroos (Potorous gilbertii) with balanoposthitis
from Western Australia. Warthrin-Starry stain.
1003. Bar5500 mm.
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postanesthetic recovery in the Trepone-
ma-infected compared to the non–Trepo-
nema-infected population. These facts
combined indicated that a localized inva-
sion, rather than systemic disease, was
more likely.
Three methods of diagnosis for Trepo-
nema infection were compared (Table 3).
A statistically significant relationship was
found between the presence of discharge
and Treponema infection (x
2545.27,
df53, P50.00, OR526.9, 95% CI58.6–
83.5); between PCR results and Trepone-
ma infection (x
2587.98, df51, P50.00,
OR54.5, CI52.4–8.7); and between the
presence of spirochetes and Treponema
infection. All individuals with spirochetes
had Treponema infection. The three
diagnostic techniques were analyzed for
sensitivity and specificity; dark field mi-
croscopy for spirochetes was the most
sensitive test and PCR was the most
specific (Table 4).
While the disease does not cause severe
debilitation, in males, the presence of
Treponema infection can be associated
with severe balanoposthitis and severe
cloacal inflammation, often making extru-
sion of the penis physically difficult. The
increased prevalence of infection in males
could be explained by the fact that males
have the ability to evert and retract their
genitalia. This process could abrade mu-
cosal barriers, creating an avenue for
mucosal colonization and commensal
overgrowth which, in turn, promotes a
favorable microenvironment for Trepone-
ma growth.
Clinical signs were similar to those seen
in rabbits where genital lesions contribut-
ed to reduced reproductive capabilities
through dyspareunia (Cunliffe-Beamer
and Fox, 1981a, b). Furthermore, on histo-
pathologic examination, the severe bala-
noposthitis in two Treponema-infected
captive individuals was similar to the
reported histopathology findings in rabbits
with Treponema paraluis-cuniculi. In both
instances, the presence of spirochetes was
associated with a chronic inflammatory
response, ulceration, and hyperkeratosis of
the epithelium.
Overall, the presence of discharge in
Gilbert’s potoroos was associated with a
facultative anaerobic polymicrobial environ-
ment containing Treponema, Actinobacillus,
and Pasteurella. This suggests that, like
human periodontitis, enrichment for Trep-
onema by preceding bacterial populations
and subsequent inflammatory events seems
crucial to the underlying pathology and also
suggests that the presence of discharge,
while often a precursor of infection, is not a
method of definitive diagnosis.
TABLE 3. Numbers of Treponema-infected and noninfected Gilbert’s potoroos (Potorous gilbertii) from
Western Australia, assigned to each of four categories based on clinical signs.
Clinical signs and discharge
a Total
Treponema status 0 1+ 2+ 3+
Noninfected 31 0 5 0 36
Infected 12 12 19 21 64
Total 43 12 24 21 100
a Level of discharge was scored from 0 (no discharge) to 3+ (severe discharge; see Fig. 1A–C for explanation of grading
scheme).
TABLE 4. Sensitivity and specificity of three
techniques used in this study for diagnosing
Treponema infection in Gilbert’s potoroos (Potorous
gilbertii) from Western Australia.
Diagnostic test Sensitivity (%) Specificity (%)
Clinical signs and
presence of
discharge
91.2 27.9
Dark field microscopy
for spirochetes
100 0
Polymerase chain
reaction
95.3 100
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best screened for by PCR in conjunction
with dark field microscopy for spirochetes
to minimize the number of false negatives.
Dark field microscopy is a relatively
simple technique to conduct. However,
due to the fastidious nature of trepo-
nemes, it is recommended that slides are
analyzed within 24 hr of collection by an
operator experienced in detecting the
spiral-shaped organism. PCR is the most
costly of all techniques and requires
experience and a dedicated laboratory to
process samples; however, this technique
can provide rapid, specific results for
prerelease screening prior to transloca-
tion. The level of discharge should also be
taken into account. Histopathology and
silver staining provide definitive diagnosis;
however, these are not practical methods
to screen wild individuals prior to translo-
cation because of the invasiveness and the
time lag for results.
It is difficult to comment on the
reproductive and health effects of Trepo-
nema infection in the Gilbert’s potoroo, as
both the wild and captive populations are
infected and there is no control group for
comparison. Adult females with evidence
of Treponema infection still appear to be
reproducing. However, it is possible the
disease is contributing to reduced fertility
and fecundity, reducing the ability of the
Gilbert’s potoroo population to recover
quickly. This novel disease warrants fur-
ther attention due to the significant
proportion of the population infected
(68%), the close clinical correlations to
the rabbit model, and the potential for
Treponema to alter the immune response.
Currently, there are three populations of
Gilbert’s potoroo: the original population
at Two Peoples Bay and two translocated
populations, one on Bald Island and one
within a 380-ha enclosure on the main-
land. Balanoposthitis is evident in all three
populations. Further research should be
directed to characterizing transmission
and the development of practical treat-
ment regimes. Penicillin G benzathine-
penicillin G procaine at 84,000 IU/kg
intramuscular at 7-day intervals for three
injections, as used in rabbits (Cunliffe-
Beamer, and Fox, 1981c), has been
trialed in analogous long-nosed potoroos
for the treatment of nonclinical Trepone-
ma infection. Preliminary results indicate
this treatment may be effective; however,
a controlled trial in Gilbert’s potoroos is
warranted. Treatment could practically
be undertaken in quarantine prior to
translocation to create a disease-free
population to allow comparisons of this
disease on population dynamics and, in
particular, would allow the reproductive
effects on fertility and fecundity to be
assessed. Such a trial would aid in the
understanding of this novel disease and
its importance to the ongoing recovery
of the critically endangered Gilbert’s
potoroo.
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